Abstract. Consumer preferences for attributes of fresh peach fruit in the United States are largely unknown on a national basis. We used a choice experiment to explore market segmentation based on consumer heterogeneous preference for fruit attributes including external color, blemish, firmness, sweetness, flavor, and price. We collected the data using an online survey with 800 U.S. consumers. Using a latent class logit model, we identified three segments of consumers differing by different sets of preferred quality attributes: experience attribute-oriented consumers, who valued fruit quality (48.8% of the sample); search attribute-oriented consumers, who valued fruit appearance (33.7% of the sample); and balanced consumers, who considered search attributes and experience attributes but who valued each in a balanced way (17.5% of the sample). Each group demonstrated differentiated demographics and purchasing habits. The results have important marketing implications for peach breeders and suppliers.
In 2016, United States ranked the fourth peach-producing country in the world, with a total production of 927,178 tons, following China, Spain, and Italy (Food and Agricultural Organization of the United Nations, 2018). Total U.S. peach exports were $200 million in 2012, $173.4 million of which were fresh market fruit, whereas total imports were $161.3 in 2012, $50.3 million of which were fresh market fruit (Economic Research Service, U.S. Department of Agriculture, 2015) . Despite ongoing marketing efforts from the public and private sectors, overall per-capita consumption of fruit in the United States is less than half of the recommended amount. Fresh market peach exemplifies this unfortunate trend, despite ranking seventh among fruits in per capita consumption in the United States. Even with an average retail price that has remained steady since the 2000s, domestic consumption of fresh peaches has steadily decreased from around 6 pounds in the 1980s, to around 5 pounds in 2008, and to less than 3 pounds in 2016. Concurrently, the bearing acreage of peach trees has declined from around 190,000 acres in the 1980s to roughly 94,100 acres in 2016 (Economic Research Service, U.S. Department of Agriculture, 2017) .
Unlike fruits such as oranges or apples, fresh peaches have a short shelf life and a narrow harvest window. Peach fruit require gentle handling and strict storage conditions, making quality consistency difficult to achieve; furthermore, consumers at the point of sale often are unable to identify properly handled peach fruit (Uva et al., 2004) . Mediocre and/or inconsistent quality might prevent consumers from purchasing fresh peaches regularly. Understanding consumer preferences for peach fruit quality attributes could provide critical information to the U.S. peach industry to effectively marketing their products.
A number of studies have assessed consumer preferences for specific fruit attributes. For example, van der Pol and Ryan (1996) found Scottish consumers preferred fruits that were sold in supermarkets and loosely packaged, as well as with greater quality and lower price. Loureiro et al. (2001) studied Oregon consumer choices among conventional apples, apples with eco-labels, and organic apples. They found consumers considered eco-labeled apples a transitional option between relatively unfavorable conventional apples and favorable organic apples. Crisosto et al. (2003) found that Californian consumers preferred fresh sweet cherry fruits with higher soluble solid concentration and dark color and that older consumers have a stronger preference for these two attributes. Campbell et al. (2004) conducted an analysis on Alabama and Georgia consumer preferences for Satsuma oranges. They found three groups of consumers defined by their preferences for fewer blemishes, lower price, and fewer seeds, respectively, and the three groups differed in their demographics such as gender, ethnicity, age, and family structure.
In a study focused on fresh market peach fruit quality attributes, Bruhn (1995) interviewed consumers in grocery stores in Boston, Atlanta, Chicago, Los Angeles, and Northern California and concluded the most important attributes used to determine the quality of peach fruit were firmness, color, and aroma. In addition, consumers saw smaller size as an indicator of poor quality. Uva and Cheng (2005) conducted a survey with randomly chosen household samples in New York State to quantify how each peach fruit attribute affected consumer-purchasing decisions, finding the probability of paying a premium for tree-ripened peaches increased with consumers' previous purchasing experience and decreased with dissatisfaction with the tree-ripened peaches previously consumed.
Two studies in Germany and Canada investigated preference heterogeneity among peach consumers and attempted to divide consumers into groups based on the heterogeneity. Cembalo et al. (2009) used a choice experiment to study German consumers' attitudes toward the country of origin for peaches traded in the European Union. They identified three segments differentiated by preferences for the country of origin and price sensitivity. Each of the three segments preferred peaches from Italy, Spain, and Turkey and demonstrated an increasing sensitivity to price. Campbell et al. (2013) conducted a national survey of Canadian consumers about their preferences for Ontario-grown peaches, and they grouped the consumers into six clusters based on similarity of preferences. The six clusters were primarily driven by low price, labels of one or more specific regions in Canada, red external color, large size, and firm peaches. The study further described each cluster by factors such as consumers' gender, age, education, income, living areas, shopping places and knowledge of local produce.
These previous studies have contributed to the understanding of foreign or regionspecific U.S. consumers' preferences for fresh market peach. Yet, preference heterogeneity among U.S. consumers at a national level is still largely unknown. In this study, we aimed to explore U.S. consumer preferences for fresh market peaches, identify possible segments within this market, quantify the characteristics of these consumer segments, and draw marketing implications based on the segmentation results.
Methodology
Data. We collected the data using an online survey by Qualtrics (Provo, UT and Seattle, WA), a professional survey company. We screened participants based on their response to the prescreening question: ''Have you purchased fresh peaches in the past year?'' Only consumers who answered ''Yes'' were allowed to proceed with the survey.
The survey had two sections-one section included choice scenarios representing peaches with different combinations of quality attributes, and the second section contained questions concerning respondents' socioeconomic and demographics, purchasing habits, and opinions about fresh peaches. Six quality attributes with two levels for each were included in the choice scenarios, selected on the basis of previous literature and consultations with industry experts. Table 1 summarizes the quality attributes: external color, exterior blemishes, size, firmness, sweetness, and flavor. We also included price as another attribute. The price levels, $2.19/ lb and $1.69/lb, were based on the retail price of peaches in different types of stores. It was not practical to ask participants to evaluate all the 128 ( 2 7 ) combinations of the attributes. We employed a fractional factorial design using JMP8 software (SAS Institute, Cary, NC) to reduce the number of product profiles, and each participant was asked to evaluate 16 profiles in eight separate choice scenarios.
Each choice scenario had two product profiles labeled as ''Option A'' and ''Option B.'' Options A and B were represented by different combinations of the quality attributes. Exterior blemishes and external color were presented in photos and the other attributes were described in text. If participants did not like Option A or Option B, they could choose the third option: ''Neither A or B.'' We included ''Neither A or B'' to avoid forced choice, and hence to avoid overestimating the possibility that an available option was chosen (Kontoleon and Yabe, 2003) .
Econometric model. We employed a latent class logit model to investigate consumer preference heterogeneity. The latent class model assumed that participants can be classified into S segments that were unobservable. People in the same segment were homogenous in tastes and had similar underlying preferences. Compared with other commonly used models with consumer data such as the standard logit or mixed logit, the latent class logit model did not restrict the number of classes and allowed preferences to vary randomly in the population. Moreover, the latent class logit model was able to identify the sources of preference heterogeneity, shown in the choice probability as
where a s was class s# coefficients for peach attributes X nj . M s was the membership likelihood function, which determines the class with which an individual n is affiliated, based on his or her characteristics. This membership function was represented as
where Z n was a vector of individual characteristics, and l s was a vector of parameters.
Combining (1) and (2), the choice probability of individual n for attribute j, conditional on being a member of class s was expressed as
The latent class logit model estimated a s and l s simultaneously via maximum likelihood methods. To identify the l s vectors, one of the segment's l s vector must be normalized to zero (Boxall and Adamowicz, 2002) . In the application here, the attributes of fresh market peach fruit for choice set j were included in vector X nj , and the sociodemographic information and purchasing habits of individuals were included in vector Z n .
Results
In total, 800 of participants completed the choice experiments and the questionnaire and generated usable results. The summary statistics of participants are shown in Table 2 . Participants had an average age of 42 years and were categorized as Boomers (born before 1964), Gen X (born between 1965 and 1980), and Gen Y (born after 1980). The proportions of Boomers, Gen X, and Gen Y in this sample were 28%, 35%, and 37%, respectively. The majority of participants were Caucasian (79%), female (63%), and more than 40% of the participants have at least one child younger than 12 years old. Seventy percent of the participants had at least a high school degree, and almost 40% had at least a 4-year college degree. Nearly one third (33.25%) of the participants had an annual household income between $25,000 and $49,999, and 29% of them earned more than $75,000. Participants, on average, purchased 4.9 fresh peaches at one time. More than half of the participants were frequent buyers, purchasing peaches at least once a week. Only a small proportion of the participants (12.13%) were occasional buyers, purchasing peaches less than once a month. Overall, our sample was representative of the U.S. population in terms of age, race, and education. However, relative to the U.S. census, since we screened respondents based on their past peach purchase, our sample demographics contained more female participants (64%) who were the major grocery shoppers, more medium-income households, and only those who had purchased peach in the previous year. Such deviation was common in consumer studies such as Adalja et al. (2015) , Loureiro et al. (2001) , and Dobbs et al. (2016) .
As Eq.
[3] suggests, the number of classes was unknown and needed to be estimated before individual coefficients were derived for the latent class logit model. To decide on the optimal number of class, we evaluated models ranging from two to eight classes and compared the goodness-of-fit of each model using the Akaike Information Criterion (AIC), the Bayesian Information Criterion (BIC), and the posterior probability. These statistics, along with log-likelihood estimates, are listed in Table 3 . According to the statistics, the marginal increase of loglikelihood, AIC, and BIC achieved maximum when increasing the model specification from two-class to three-class. In addition, model estimations with four or more classes all contained at least one small class that was smaller than 10% in size. Another indicator was posterior prediction accuracy, and it quantified the accurate percentage of prediction, given the respondent was in a particular class based on his/her choice and demographic characteristics. In this case, the two-class and three-class models also had the greatest posterior prediction accuracy. Because the AIC and BIC had the largest reduction from two to three classes whereas posterior prediction accuracy only decreased 3%, we decided to use three-class latent class logit model. Table 4 shows the estimation results from the latent class logit model. To explore the demographic effect on class membership, we included sociodemographic variables and purchasing habits in the membership function. Note that class 3's membership parameters were set to zero (normalization) for purposes of identification and the parameters of the other two groups were interpreted relative to this class. The results showed all three classes preferred peaches with a greater level of sweetness and fewer exterior defects. Despite these similarities, each class also exhibited unique patterns in preferences. Class 1 accounted for 48.8% of the sample. This group's coefficient for sweetness was the greatest among the three classes, suggesting participants in class 1 were more likely to purchase peaches with a greater level of sweetness. In addition, class 1 preferred peaches with an intense flavor and fewer defects on the fruit surface. Lastly, participants in class 1 did not consider other aspects of appearances as important, such as external color and size, and, contrary to the other two classes, people in class 1 were sensitive to price. Nelson (1970 Nelson ( , 1974 and Darby and Karni (1973) classified product attributes of peaches into experience attributes and search attributes. Experience attributes were those attributes that consumers can verify only after consumption, such as sweetness and flavor. Search attributes were those attributes consumers can verify before purchase, such as color, size, firmness, and exterior defects. The consumer preferences of class 1 were clearly dominated by experience attributes, and thus this class was named ''experience attribute-oriented consumers.'' Class 3 was the next largest group, accounting for 33.7% of the sample, and was named ''search attribute-oriented consumers.'' This group considered all search attributes as important: firmness, size, color, and external blemishes. Class 3 consumers preferred firmer, larger peaches with a reddish color and ones with fewer exterior defects. Their preferences of large and firm peaches were consistent with the external feeloriented groups identified in the study of Campbell et al. (2013) on Canadian consumers. Class 3 consumer preferences for experience attributes were far less pronounced than class 1 (experience attributeoriented consumers). The only experience attribute that was significant was sweetness, with a numerically small coefficient of 0.085. In contrast to class 1, search attribute-oriented consumers were more price sensitive. The price coefficient was the largest in magnitude compared with the other classes.
Class 2, the remaining 17.5% of the sample, reflected a combination of preferences of the experience attribute-oriented consumers and search attribute-oriented consumers. This group considered one experience attribute (sweetness) and one search attribute (external blemishes) as important and were price sensitive. However, the magnitude of the coefficients was not as large as for the other two classes, indicating that they were less sensitive to the levels of the attributes that they were confronted with in the choice scenarios. Thus, this class was named ''balanced consumers.'' A significant membership parameter shown in Table 4 suggested the variable of the corresponding class differed from that of the third class. Experience attribute-oriented consumers (class 1) were significantly different from search attribute-oriented consumers (class 3) in terms of gender, having children or not, the number of peaches bought per purchase (5% significance level), and being an occasional or frequent buyer (10% significance level). The experience attributeoriented consumers were less likely to have children and more likely to be female. From the perspective of purchasing habits, the experience attribute-oriented consumers purchased relatively more peaches at each purchase and had relatively smaller percentages of occasional buyers, indicating they were frequent buyers. Meanwhile, balanced consumers (class 2) had the lowest percentage and search attribute-oriented consumers had the highest percentage of male consumers. This finding was consistent with Campbell et al. (2013) , who found that male consumers were more likely to be price sensitive.
Willingness-to-pay (WTP) values were calculated and are reported in Table 5 . For experience attribute-oriented consumers, the insignificance of price coefficient did not allow for WTP calculation. However, it also indicated the preferences for sweetness and flavor among experience attribute-oriented consumers strongly dominated their choices for peach regardless of the price. For search attribute-oriented consumers, they were willing to pay $0.13/lb to increase fruit size from less than 2.75-inch diameter to larger size, followed by the improvement of firmness, external color, and sweetness with WTP values of $0.12/lb, $0.05/lb, and $0.04/lb, respectively. Search-attribute consumers also discounted the increase in external blemishes by $0.09/lb, showing their inclination for better search attributes. Lastly, for balanced consumers, the WTP results indicated they preferred an increase in sweetness and a decrease in external blemish, so both search attributes and experience attributes could affect their purchasing decision.
Conclusions and Marketing Implications
In this paper, we explored U.S. consumers' preference heterogeneity for quality attributes of fresh peaches using a choice experiment with a random sample of 800 U.S. consumers. Based on preference heterogeneity, participants were classified into three groups: experience attribute-oriented consumers, who valued fruit quality; search attribute-oriented consumers, who valued fruit appearance; and balanced consumers, who considered search attributes and experience attributes but who valued each in a balanced way. The balanced consumers and search attribute-oriented consumers were price sensitive, but the experience attributeoriented consumers were not.
Gender was a factor that differentiated groups. Balanced consumers were more likely to be female, followed by experienced attribute-oriented consumers, whereas search attribute-oriented consumers were more likely to be male. Fewer experience attributeoriented consumers had children and showed higher purchase frequency and volume per purchase.
Each stakeholder of the supply chainbreeders, growers, wholesalers, and retailerscould contribute to increasing consumption and hence the sales of fresh peaches. From the perspectives of breeders and growers, achieving quality consistency with sweeter, more intense flavored, and larger peaches is fundamental. Improvements in these attributes not only bring highest price premiums but also attract all three groups of consumers. Meanwhile, minimizing external blemishes is also crucial. This requires growers to use proper techniques in cultivation and harvest and wholesalers and retailers to carefully manage their postharvest handling practices and personnel during transportation, storage, and merchandising.
To target experience attribute-oriented consumers, our findings suggest a key is to create and maintain a favorable consumer experience by providing peach fruit with 33.7% A control variable for the ''Neither A or B'' option in the scenario questions is also included in the model. *Significant at the 10% level, **significant at the 5% level, and ***significant at the 1% level. a high level of sweetness and intense flavor. Breeding programs should develop cultivars that regularly exceed threshold levels defining superior quality. Such cultivars may confront growers with a trade-off dilemma because genetically high-yielding and large peach cultivars often are deficient in sweetness and flavor components. Retailers could distribute free samples of peaches in stores and target more of the samples to female consumers. In addition, by sourcing products from growers and shippers who reliably provide fruit superior for these two key attributes, wholesalers and retailers could build up a positive reputation for specific origins of production or certain brands, which would become positive signals of desired quality for experience attribute-oriented consumers. Distributing free samples and working with specific growers and shippers may impose a higher cost to retailers. Therefore, this strategy of targeting experience attributeoriented consumers might be more suitable for retailers who are able to charge a higher price for their products, for example, highend, natural food stores such as Whole Foods.
The key attributes to attract search attribute-oriented consumers are appealing appearance and competitive price, in addition to sweetness. Because affordable price would also attract balanced consumers, competitive pricing strategy could capture these two groups at one time. For peach cultivars that could be sold at lower prices, wholesalers and retailers may select larger and firmer peaches to distribute or to display in stores. Conventional stores such as Cub Foods, Kroger, and Safeway and warehouse retailers such as Walmart may be more competitive to target search attribute-oriented consumers and balanced consumers.
Additional advertising tools for retailers appropriate for all three classes could be weekly advertisement brochures and direct mail/e-mail campaigns. Retailers could deliver coupons for fresh peaches to male consumers, who are more likely to be search attribute-oriented consumers and seek affordable prices. Advertising brochures or other activities to keep peaches as a top-of-mind fruit could be used to inform experience attribute-oriented consumers of the arrival of their preferred fresh peaches from certain brands or production origins. Table 5 . Willingness-to-pay estimates for peach attributes across the consumer segments identified by latent class logit model using the U.S. peach consumer survey (sample size: 800 
